Hypertension has been shown to increase the severity of atherosclerosis in both man and experimental animals (1) . Most observers attribute this effect of hypertension to local damage to the vessels produced by the augmented pressure or turbulence of the blood. This concept is supported by the more frequent occurrence and greater severity of atherosclerotic lesions at locations of high pressure or turbulence. It has also been suggested that high blood pressure increases the filtration of blood across arterial walls and, presumably, affords an opportunity for retention of lipid in the walls (2) .
The present report is concerned with two other factors that may affect the concentration of lipid in the aortas of hypertensive rats: the concentration of lipid in the blood, and lipid synthesis in the aorta itself. Cholesterol concentrations were found to be significantly higher in aortas of hypertensive rats than in those of normotensive controls. This difference was observed when hypertensive animals had higher serum cholesterol levels than their controls, but the difference persisted when experimental conditions were adjusted so that the serum cholesterol levels were comparable in the two groups of animals. It was found that the rate of cholesterol synthesis in vitro is increased in the aortas of hypertensive rats. * A Gaertner cuff 22 mm long 'and an "Infraton" 4 pickup were used.
Parabiotic pairs. Wistar rats were inbred in this laboratory by mating siblings for at least ten generations; CFN rats were inbred in the same way for three generations. Parabiotic pairs were prepared by suturing the previously divided lateral abdominal musculature of the two rats while maintaining separation of the peritoneal cavities and joining the scapulae.
Cholesterol concentration in serum. To obtain blood for the measurement of serum cholesterol levels at intervals, rats under light ether anesthesia were bled by clipping the end of the tail. Otherwise, blood was obtained at sacrifice by bleeding from the left ventricle or the vessels of the neck. Blood was allowed to clot and then centrifuged. The calorimetric method of Zlatkis, Zak, and Boyle (4) was applied to the lipid extract of serum prepared by the method of Abell, Levy, Brodie, and Kendall (5) .
Cholesterol concentration in the aorta. Rats were sacrificed by decapitation, or by exsanguination under ether anesthesia. The aorta was excised and cleaned of adherent fat, connective tissue, and most of the adventitia, while bathed in ice-cold saline. The sample of aorta used in all experiments included the arch and the descending thoracic aorta. The tissue was refluxed in 5%o alcoholic KOH for three hours. The digest was diluted with an equal volume of water and the mixture extracted twice with 2 vol hexane. The hexane was evaporated to dryness, and the cholesterol in the residue was measured by means of the color reagent of Zlatkis and associates (4). This method was used because of its sensitivity, which permitted measurement of the cholesterol content of a single aorta. Preliminary experiments showed that this procedure gave somewhat higher absolute values (about 10%) than the procedure of Sperry and Webb (6) but gave the same relative values for different samples.
Nitrogen. The nitrogen content of the aorta was used as a convenient reference basis for other measurements. To determine nitrogen, samples of tissue digests were subj ected to Kj eldahl digestion, and the ammonia was measured by means of Nessler's reagent (7) .
Cholesterol synthesis in the aorta in vitro. Rats were sacrificed by decapitation. The aorta was rapidly excised, dissected, as indicated in the previous section, and opened lengthwise. The incubation medium consisted of 2 ml of Krebs-Ringer bicarbonate (pH 7.4 After incubation, 2 mg of cholesterol (recrystallized 5 times from ethanol) was added to the flasks as carrier. The contents of the flasks were then saponified in 5% KOH in 80% ethanol (final concentration), and the cholesterol was extracted as described in the previous section. Cholesterol was isolated as the digitonide, which was -dissolved by the procedure of Kabara (8), mixed with the phosphor solution (0.4% 2,5-diphenyloxazole and 0.01% 1,4-bis-2-(5-phenyloxazolyl)-benzene in toluene) and counted in the Packard Tri-Carb liquid scintillation counter. The background was 15 cpm. Samples with low radioactivity were counted for the maximal period allowed in the Tri-Carb (100 minutes). The values given in the tables are means of at least four determinations on each sample.
In this laboratory, as in others (9, 10), it has been observed that the digitonide isolated after incubation of rat aorta with labeled precursors of cholesterol contains other labeled compounds in addition to cholesterol. The samples were therefore purified by passage through cholesterol dibromide. After the samples had been counted, 150 mg of recrystallized cholesterol was added to each vial. The contents of the vials were evaporated to dryness, the digitonides were cleaved with pyridine, and the cholesterol was purified through the dibromide by the procedure of Fieser (11) . In some experiments, bromination was repeated until the cholesterol reached con- (14) . In experiment III, similar rats were used. A clip was placed on .the left renal artery of one, which was then united with his normal control. One and one-half to 4 months later, the rats were placed on the TCC diet for an additional 3 to 4 months. Serum cholesterol levels and blood pressures were measured at intervals of 2 to 3 weeks. The mean values for the blood pressures and serum cholesterol levels of each rat for the period on the diet and the aortic cholesterol concentrations are shown in Table I . Serum cholesterol levels were not significantly different in members of a pair. In pairs 1 through 5, the blood pressures of the two rats differed significantly (37 to 50 mm Hg), and the cholesterol concentration in the aorta of the rat with higher blood pressure was two to three times higher than in the control rat. In pairs 6 and 7, there was a smaller difference in blood pressure (10 or 20 mm Hg) and in aortic cholesterol concentration (10 or 507o) between the clipped and control rat.
Cholesterol synthesis in the aorta in vitro. For studies of the incorporation of labeled precursors into cholesterol, rats that had been hypertensive for 2 to 4 months and normotensive controls were used. All were maintained on the regular diet. Table III shows the results of six experiments in which mevalonate was used as the precursor. Although some of the samples obtained after incubation of aortas of normotensive rats are so low in activity that they are not significantly above the background, the incorporation of mevalonate into cholesterol is higher in aortas of hypertensive rats in each experiment.
DISCUSSION
These experiments have shown that hypertensive rats develop higher aortic cholesterol concentrations than normotensive controls whether they are maintained on a regular chow diet or on a diet of chow with added thiouracil, cholesterol, and cholic acid (TCC diet). A previous report showed that rats will develop atherosclerotic lesions when maintained on the latter diet (13) , but in the present study, rats were sacrificed before they had developed gross atherosclerotic lesions in the aorta.
When the rats were maintained on the regular diet, hypertensive ones had higher cholesterol concentrations in both serum and the aorta than normotensive controls. Since there is evidence for the transfer of plasma cholesterol to arterial walls (15, 16) , these changes in aortic cholesterol concentration might be attributed to an influence of the plasma cholesterol concentration. When the rats were maintained on the TCC diet, however, the mean serum cholesterol levels were not significantly different in the hypertensive and normotensive groups, but the mean aortic cholesterol concentration was significantly higher in the hypertensive group. In parabiotic pairs of rats in which the blood pressures of the two rats differed but the serum cholesterol levels were comparable, the aortic cholesterol concentration in the rat with the higher blood pressure was higher than in the rat with the lower blood pressure. The difference between aortic cholesterol concentration in normotensive and hypertensive rats is, therefore, not dependent on a difference in serum cholesterol levels.
Furthermore, the findings in parabiotic rats suggest that the difference in aortic cholesterol concentration is independent of the concentration of any blood component, with the possible exception of components with relatively short turnover times in blood. Parabiotic rats such as those used in the present experiments have a common circulation and an exchange of blood between rats with a half-time of about 1 hour (17) .
Evidence that aortic cholesterol concentrations in normotensive rats are not readily affected by serum cholesterol levels is given by the findings in rats maintained on different diets (Figures 1  and 2 ). These rats showed no increase in aortic cholesterol concentration on the TCC diet, as compared with the regular diet, in spite of 15-fold difference in serum cholesterol levels on the two regimens. It is, of course, possible that they would have had higher aortic cholesterol concentrations after a longer period on the TCC diet, since none of them had developed gross atherosclerotic lesions in the aorta up to the time of sacrifice.
The increase in aortic cholesterol concentration in rats with high blood pressure appears to be mediated through local factors operating in or on the vessel wall rather than through an elevation of serum cholesterol levels. One of the local factors may be an effect of the high blood pressure on the movement of cholesterol between plasma and vessel wall, which results in a net transfer of cholesterol to the vessel. Such an effect may account for the observation that hypertensive rats had aortic cholesterol concentrations that were 50% higher when they were maintained on the TCC diet than when they were maintained on the regular diet (Figures 1 and 2) . Their serum cholesterol concentrations were 10 times higher on the TCC diet. If the high blood pressure increases the rate of transfer of cholesterol from plasma to vessel, it may have a more pronounced effect on aortic cholesterol concentration at higher plasma cholesterol concentrations.
The possibility that cholesterol synthesis in the aorta wall may constitute another local factor affecting aortic cholesterol concentration was also considered in the present studies. Measurements of the incorporation of labeled precursors into cholesterol in vitro by aortas of rats on the regular diet indicated that aortas of hypertensive rats have a greater capacity to synthesize cholesterol than those of controls. The results suggest that synthesis of cholesterol in the aorta may contribute to the increased aortic cholesterol concentration in hypertensive rats. Further work is needed to establish the quantitative importance of local synthesis of cholesterol in the aortas of hypertensive rats relative to the other factors that may influence aortic cholesterol concentration.
We recognize that the increased rate of cholesterol synthesis may be a concomitant of medial hypertrophy. Aortas of the hypertensive rats used in this study had undergone considerable hypertrophy, but we do not know whether the rate of growth was greatly above normal at the time the samples were taken. An increased rate of growth may require an acceleration of the rate of synthesis of cholesterol as well as other substances needed for the formation of new tissue. The aorta preparations used in the present work consisted of media, intima, and part of the adventitia. The identification of the particular layers of the vessel wall involved in the increase in rate of aortic cholesterol synthesis in hypertensive rats may indicate whether this change is related to medial hypertrophy.
SUMMARY
Aortic cholesterol concentrations were found to be higher in hypertensive rats than in normotensive controls. These differences were observed whether the serum cholesterol concentrations in the hypertensive rats were higher than or comparable to the levels in control rats. The rate of synthesis of cholesterol in vitro was found to be higher in aortas of hypertensive rats than in those of controls. The results suggest that the difference between aortic cholesterol concentrations in normotensive and hypertensive rats is dependent on local effects of the high blood pressure on the aorta, on changes in the rate of cholesterol synthesis in the vessel, or both, rather than on a change in serum cholesterol concentration.
